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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an electricity-
to-sound transducer such as a slender speaker having
high sound quality.

[0002] With increased popularization of high-vision
and wide-vision etc., TV sets with wide screens have
widely been used. There is, however, increased de-
mands in Japan for thin and not-so-wide TV sets and
also audio component systems due to relatively poor Jap-
anese housing conditions.

[0003] Speaker units for TV sets are for example one
of the causes for TV sets that inevitably become wide.
Because speaker units are mostly set on both sides of a
cathode ray tube. Thus, most known speaker units have
been not so wide such as rectangular and oval types.
However, as cathode ray tubes become wide, there is a
strong demand for slender speaker units as narrow as
possible and for high sound quality that matches high
picture quality in high-vision and wide-vision.

[0004] Known slender-type speakers, however, can-
not meet such a demand due to distributed vibration that
easily occurs in the long axis direction because of one-
pointdriving at the center section of a slender diaphragm.
This results in a peak dip in reproduced acoustic-pres-
sure frequency characteristics in middle and high tone
ranges, thus decreasing sound quality.

[0005] The applicantfor this patentapplication has pro-
posed, in Japanese Patent Application No. 10-192048,
an electricity-to-sound transducer with flat frequency
characteristics for high sound quality with less distributed
vibration even though it is made as a slender structure.
[0006] This electricity-to-sound transducer is de-
scribed with reference to FIGS. 5 to 8.

[0007] Areinforcing member 40 is inserted from above
into each slot 38 formed at an almost center section of a
diaphragm 31 in the longitudinal direction and almost per-
pendicular to this longitudinal direction. The diaphragm
31 is supported by the reinforcing member 40. Several
materials can be used as the member 40 for supporting
the diaphragm 31, such as metal, resin and wood. The
member 40 is formed in a long rod with cuts 41 provided
on the bottom surface at a constant interval. A voice coll
33 is passed through each cut 41 and wound around
each of main vibrating portions 31a at the base section.
[0008] A magnetic field is generated around the voice
coil 33 by magnets 35 to cause a drive current flowing
the coil 33 for generating an electromagnetic force, The
main vibrating portions 31a are vibrated by the electro-
magnetic force, and thus the diaphragm 31 is vibrated.
During this vibration, however, distributed vibration is
prevented from occurrence at the center section of the
diaphragm 31 in the longitudinal direction because the
slots 38 on the center section are supported by the rein-
forcing member 40.

[0009] Formed on the upper surface of each main vi-
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brating portion 31a are convex semi-circular cylinder por-
tions 39a and concave semi-circular cylinder portions
39b provided alternately in the longitudinal direction. This
structure has a high mechanical strength (rigidity) against
force to be applied in a direction perpendicular to the
longitudinal direction. Without this structure, it could hap-
pen that a main vibrating portion 31a starts to vibrate
larger or smaller than the neighboring one with no vibra-
tion in synchronism with each other atthe border between
the two vibrating portions. Such large and small vibration
components are, however, complimentarily prevented
from occurrence by employing the structure explained
above.

[0010] Fig. 9 illustrates vibration occurring on the dia-
phragm 31 of the electricity-to-sound transducer de-
scribed above in a free-vibration mode. Observed around
the slots 38 is distributed vibration restricted in the free-
vibration mode. Also restricted is distributed vibration oc-
curring around the center section of the diaphragm 31 in
the longitudinal direction.

[0011] Fig. 10illustrates a result of numerical analysis
on the frequency response characteristics of vibration
amplitude around the center section of the diaphragm
31. The solid line "A" indicates the result on the electricity-
to-sound transducer disclosed in Japanese Patent Ap-
plication No. 10-192048. The dot line "B" indicates the
result on another known electricity-to-sound transducer.
Observed in this figure is that the known transducer suf-
fers from amplitude depression at frequencies of about
13. 5 KHz or more whereas, for the transducer in the
Patent Application above, the frequency characteristics
is improved such that peaks are depressed at a high fre-
quency range around 10 KHz while depression at fre-
quencies of about 13. 5 KHz or more is not so badly and
this continues to 15 KHz.

[0012] These electricity-to-sound transducers, howev-
er, have drawbacks as discussed below with reference
to FIGS. 11 and 12.

[0013] The diaphragm 31 is protected from distributed
vibration at its center section in the longitudinal direction
by means of the reinforcing member 40 inserted in the
slots 38 from above, as indicated by arrows in FIG. 11,
inthe direction perpendicular to the longitudinal direction.
[0014] Considerably deep slots must be formed as the
slots 38 for depth Hshown in FIG. 11 for stably sustaining
the reinforcing member 40. Such a deep slot, however,
causes a problem in that an upper edge 34a of a voice
coil bobbin 34 touches a lower edge 38a of each slot 38
when the bobbin wound a voice coil 33 is inserted from
the bottom of the diaphragm 31, so that the bobbin cannot
be fit in the prescribed position.

[0015] On the other hand, a slot 38 formed as not so
deep for resolving such a problem on the voice coil bobbin
34 cannot resolve the problem in that the diaphragm is
fallen inwardly at the center section as discussed above.
[0016] US-A-5664 024 shows an elongate loudspeak-
er with reinforcing beams (5) in the voice coil bobbin.
However, there is no slot in the diaphragm.
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[0017] US-A-5862 242 shows an elongate loudspeak-
er with reinforcing coupling members (16) in the voice
coil bobbin which protrude over the bobbin to the inner
surface of a dome-shaped diaphragm.

SUMMARY OF THE INVENTION

[0018] A purpose of the present invention is to provide
an electricity-to-sound transducer that has a new struc-
ture for a diaphragm and a voice coil bobbin attached to
the diaphragm with less abnormal vibration which may
otherwise occurin the longitudinal direction due to natural
frequency of the diaphragm, for normal sound irradiation
in response to a large input.

[0019] The present invention provides an electricity-
to-sound transducer comprising: a diaphragm having an
asymmetric shape which is flat when viewed from a di-
rection of vibration, with major and minor axes, having
continuous curvatures of concavity and convexity in a
direction of sound irradiation, provided with a slot formed
almost at a center of the diaphragm in a direction per-
pendicular to a longitudinal direction of the diaphragm;
an edge portion formed as surrounding an outer periph-
ery of the diaphragm, an inner section of the edge portion
being connected to the outer periphery, the edge portion
sustaining the diaphragm for vibration; a voice coil bobbin
having a winding portion around which a voice coil is
wound split into two portions in the longitudinal direction
of the diaphragm, the bobbin being attached to a rear
surface ofthe diaphragm while the two portions are joined
to each other, the joined portions forming a reinforcing
beam that reaches a rear surface of a bottom of the slot
of the diaphragm; a magnetic circuit for applying flux to
the voice coil for vibration; and a frame for sustaining the
outer periphery of the edge portion.

[0020] Moreover, the present invention provides an
electricity-to-sound transducer comprising: a diaphragm
having an asymmetric shape which is flat when viewed
from a direction of vibration, with major and minor axes,
having continuous curvatures of concavity and convexity
in a direction of sound irradiation, provided with a slot
formed almost at a center of the diaphragm in a direction
perpendicular to a longitudinal direction of the dia-
phragm, the slot having walls on a bottom of slot, on both
ends of the slot in a direction of the major axis and on
both ends of the slot in a direction of the minor axis, the
slot protruding in a direction of a rear surface of the dia-
phragm to form a protrusion; an edge portion formed as
surrounding an outer periphery of the diaphragm, an in-
ner section of the edge portion being connected to the
outer periphery, the edge portion sustaining the dia-
phragm for vibration; a voice coil bobbin attached to the
rear surface of the diaphragm, an inner size of the bobbin
almost at the center in the longitudinal direction being
larger than an outer size of the protrusion in the direction
of the minor axis, the protrusion being inserted into the
bobbin, a gap between an inner wall of the bobbin and
the protrusion being filled with an adhesive so that the
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protrusion and the bobbin are bonded to each other; a
voice coil wound around the voice coil bobbin; a magnetic
circuit for applying flux to the voice coil for vibration; and
a frame for sustaining the outer periphery of the edge
portion.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 shows a electricity-to-sound transducer, a ba-
sic configuration in the present invention;

FIG. 2 shows a voice coil bobbin used for the elec-
tricity-to-sound transducer shown in FIG. 1;

FIG. 3 illustrates that a diaphragm used for the elec-
tricity-to-sound transducer shown in FIG. 1 is fallen
inwardly at the center section;

FIG. 4 is a graph indicating the frequency character-
istics of the electricity-to-sound transducer shown in
FIG. 1;

FIG. 5 shows a diaphragm used for a known elec-
tricity-to-sound transducer:

FIG. 6 is an exploded perspective view of the dia-
phragm and other components used for the other
known electricity-to-sound transducer;

FIG. 7 is a perspective view of main components of
the diaphragm used for the known electricity-to-
sound transducer;

FIG. 8 is a partial sectional view of the diaphragm
used for the known electricity-to-sound transducer;
FIG. 9 illustrates vibration that occurs on the dia-
phragm used for the known electricity-to-sound
transducer in a free-vibration mode;

FIG. 10 is a graph indicating a result of numerical
analysis on the frequency response characteristics
of vibration amplitude around the center section of
the diaphragm used for the known electricity-to-
sound transducer;

FIG. 11 is a sectional view illustrating the relationship
between the diaphragm and the voice coil bobbin
used for the known electricity-to-sound transducer;
FIG. 12 is a transverse cross sectional view illustrat-
ing the relationship between the diaphragm and the
voice coil bobbin used for the known electricity-to-
sound transducer, at the center slot section;

FIG. 13 shows an embodiment of an electricity-to-
sound transducer according to the present invention;
FIG. 14 is a perspective view of a diaphragm as one
of the main components of the electricity-to-sound
transducer shown in FIG. 13;

FIG. 15 is a perspective view of a voice coil bobbin
around which a voice coil is wound, as another of
the main components of the electricity-to-sound
transducer shown in FIG. 13;

FIG. 16 is a transverse cross sectional view of the
diaphragm of the electricity-to-sound transducer
shown in FIG. 13, at the center section in the longi-
tudinal direction;
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FIG. 17 is a transverse cross sectional view illustrat-
ing engagement of the voice coil bobbin and the di-
aphragm of the electricity-to-sound transducer
shown in FIG. 13, at the center section in the longi-
tudinal direction;

FIG. 18 is a perspective view showing deformation
occurred to the voice coil bobbin;

FIG. 19 is another perspective view showing defor-
mation occurred to the voice coil bobbin;

FIG. 20 is a graph indicating frequency characteris-
tics of the electricity-to-sound transducer shown in
FIG. 13;

FIG. 21 shows another embodiment of an electricity-
to-sound transducer according to the present inven-
tion;

FIG. 22 is a perspective view of a diaphragm as one
of the main components of the electricity-to-sound
transducer shown in FIG. 21;

FIG. 23 is a perspective view of a voice coil bobbin
around which a voice coil is wound, as another of
the main components of the electricity-to-sound
transducer shown in FIG. 21;

FIG. 24 is a transverse cross sectional view of the
diaphragm of the electricity-to-sound transducer
shown in FIG. 21, at the center section in the longi-
tudinal direction;

FIG. 25 is a transverse cross sectional view illustrat-
ing engagement of the voice coil bobbin and the di-
aphragm of the electricity-to-sound transducer
shown in FIG. 21, at the center section in the longi-
tudinal direction;

FIG. 26 is a graph indicating frequency characteris-
tics of the electricity-to-sound transducer shown in
FIG. 21; and

FIG. 27 is a graph indicating frequency characteris-
tics of a sample electricity-to-sound transducer with
no adhesive used.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0022] FIG.1showsafrontview (FRONT)andacross-
sectional view (CROSS-SECTION) taken on line A-A of
a slender-type electricity-to-sound transducer 20, a basic
configuration in the present invention.

[0023] A diaphragm 21 has an asymmetric shape
which is flat when viewed from the direction of vibration,
with major and minor axes, having continuous curvatures
of concavity and convexity in the direction of sound irra-
diation. An edge 22 is joined to the diaphragm 21 at pe-
riphery and held by a frame 23.

[0024] A track-type voice-coil bobbin 24 shown in FIG.
2 is attached to the diaphragm 21 at the rear surface of
the bobbin, for example, by an adhesive, with a voice coil
25 wound around the lower edges of the bobbin outer
periphery. The voice-coil bobbin 24 is hanging in a mag-
netic gap G of a magnetic circuit which will be described
later, for generating a driving power from voice signal
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currents and fluxes.

[0025] The frame 23 is like a box that is bending at the
side-face sections toward the direction of the edge 22.
The magnetic circuit described above is mounted on the
inner bottom of the frame 23. An iron yoke 26, a magnet
27 and a pole piece 28 constitute the magnetic circuit,
which are fixed at respective positions by a tool (not
shown). In particular, the magnet 27 and the pole piece
28 are fixed at the positions that correspond to a main
vibrating section of the diaphragm 21.

[0026] The diaphragm 21 is described in detail. It has
an asymmetric shape which is flat when viewed from the
direction of vibration, with major and minor axes, having
continuous curvatures of concavity and convexity in the
direction of sound irradiation, as mentioned above. Por-
tions 29a are formed in convexity whereas portions 29b
in concavity. The convex portions 29a and the concave
portions 29b are provided alternately to form continuous
curvatures. The concave portions 29b have almost the
same depth D. The diaphragm 21 is made of a polyimide
(PI) film that is heat-resistant against the voice coil 25
and excellent in mechanical properties. The diaphragm
21 is also provided with a concave slot 29c formed almost
at the center section. The convex portions 29a, the con-
cave portions 29b and the concave slot 29c¢ are formed
with a Pl film as being integral with each other.

[0027] A diaphragm used for a speaker is preferably
formed as thin as possible because the thicker the heav-
ier it is, thus requiring a powerful magnetic circuit. The
diaphragm 21 has, however, a problem in that it looses
a mechanical strength when made as a thin diaphragm,
which results in that it is fallen inwardly at the center sec-
tion as illustrated in FIG. 3.

[0028] This deformation also causes the similar defor-
mation to the voice-coil bobbin 24. In detail, the deformed
diaphragm 21 forces the center section of the bobbin 24
in the longitudinal direction to touch the pole piece 28,
thus producing abnormal sound. It also causes distortion
(such as secondary and tertiary harmonic distortion), as
shown in FIG. 4, in the acoustic-pressure frequency char-
acteristics in the middle and high tone ranges. The de-
formation of the bobbin 24 occurring at the center section
in the direction perpendicular to the longitudinal direction
reaches 0. 5mm at 2V input.

[0029] Preferred embodiments according to the
present invention will be disclosed with reference to the
attached drawings.

[0030] FIG. 13 shows a front view (FRONT) and a
cross-sectional view (CROSS-SECTION) taken on line
A-A of a preferred embodiment of an electricity-to-sound
transducer 10 according to the present invention.
[0031] Adiaphragm 1 has an asymmetric shape which
is flat when viewed from the direction of vibration, with
major and minor axes, having continuous curvatures of
concavity and convexity in the direction of sound irradi-
ation. An edge 2 is joined to the diaphragm 1 at periphery
and held by a frame 3.

[0032] A track-type voice-coil bobbin 4 shown in FIG.
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15 is attached to the diaphragm 1 at the rear surface of
the bobbin, for example, by an adhesive, with a voice coll
5 wound around the lower edges of the bobbin outer pe-
riphery. The voice-coil bobbin 4 is hanging in a magnetic
gap G of a magnetic circuit which will be described later,
for generating a driving power from voice signal currents
and fluxes.

[0033] The frame 3 is like a box that is bending at the
side-face sections toward the direction of the edge 2. The
magnetic circuit described above is mounted on the inner
bottom of the frame 3. An iron yoke 6, a magnet 7 and a
pole piece 8 constitute the magnetic circuit, which are
fixed at respective positions by a tool (not shown). In
particular, the magnet 7 and the pole piece 8 are fixed
at the positions that correspond to a main vibrating sec-
tion of the diaphragm 1.

[0034] The diaphragm 1 is described in detail. It has
an asymmetric shape which is flat when viewed from the
direction of vibration, with major and minor axes, having
continuous curvatures of concavity and convexity in the
direction of sound irradiation, as mentioned above. Por-
tions 11a, 11b, 11c, 11d, 11e and 11f are formed in con-
vexity whereas portions 12a, 12b, 12c and 12d in con-
cavity. These convex and the concave portions are pro-
vided alternately to form continuous curvatures. The con-
cave portions have almost the same depth D except the
center section. The diaphragm 1 is made of a polyimide
(PI) film that is heat-resistant against the voice coil 5 and
excellent in mechanical properties.

[0035] The diaphragm 1 is also provided with a slot 9
formed almost at the center in the direction perpendicular
to the longitudinal direction of the diaphragm. The slot 9
has a depth F deeper than the depth D of the concave
portions and having almost the same height as a height
C of a shoulder 14 of the diaphragm 1. The shoulder is
formed as arising portion of the convex portion. The con-
vex portions 11a to 11f, the concave portions 12a to 12f
and the slot 9 are formed with a Pl film as being integral
with each other.

[0036] Disclosed next in detail is the voice coil bobbin
4 fixed on the lower edges of the diaphragm 1 around
the periphery.

[0037] As shown in FIG. 15, the voice coil bobbin 4
has an asymmetric shape which is flat with major and
minor axes when viewed from the direction of vibration
for the diaphragm 1, portions of the bobbin being formed
in straight and parallel to each other in the direction in
relation to the major axis of the diaphragm 1.

[0038] Moreover, the voice coil bobbin 4 has a voice
coil forming portion, around which the voice coil is wound,
split into two in the direction of the major axis of the dia-
phragm 1. The split portions are joined to each other so
that they are parallel to each other in the direction of the
minor axis of the diaphragm 1, thus forming a reinforcing
beam 13. A band 15 made of a kraft paper is wound
around the outer periphery of the bobbin 4 as areinforcing
paper. This reinforcing paper is one of the important parts
of the diaphragm 1. Because the bobbin 4 will be de-
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formed as illustrated in FIG. 18, without the band 15, thus
being of no use anymore.

[0039] The voice coil forming portion should be formed
with care when it is formed with a kraft paper. In detail,
a kraft paper used as a band bonded to a remaining part
(with no coil wound) of the voice coil forming portion after
coilis wound and another kraft paper used for the forming
portion must be provided so that pulp resins of the papers
are arranged as they cross each other at 90 degrees.
Otherwise, the voice coil bobbin 4 will be deformed as
illustrated in FIG. 19, thus being of no use anymore. This
could happen due to moisture content for the kraft papers
if they are not provided as such.

[0040] The voice coil bobbin 4 formed as above has
the depth F for the slot 9 deeper than the depth D of the
concave portions and having almost the same length as
the height C of the shoulder 14 of the diaphragm 1, as
disclosed above. Therefore, the bobbin can be inserted
from the bottom of the diaphragm 1 and directly fixed
under the slot 9 at the prescribed position as shown in
FIGS. 13 (CROSS-SECTION), 16 and 17 with no prob-
lems.

[0041] Disclosed nextis an operation of the electricity-
to-sound transducer 10 having the structure described
above.

[0042] A magnetic field is generated around the voice
coil 5 by magnets 7 to cause a drive current flowing the
coil 5 for generating an electromagnetic force. The main
vibrating portions 1a are vibrated by the electromagnetic
force, and thus the diaphragm 1 is vibrated. During this
vibration, however, distributed vibration is prevented
from occurrence at the center section of the diaphragm
1 in the longitudinal direction because the slot 9 on the
center section are supported by the reinforcing beam 13
so that the diaphragm 1 will not be fallen inwardly at the
center section in the longitudinal direction.

[0043] The upper surface of the diaphragm 1 is formed
such that the semi-circular cylinder portions 11a, 11b,
11c, 11d, 11e and 11f curved outwardly in the direction
of sound radiation and the semi-circular cylinder portions
12a, 12b, 12c and 12d curved inwardly are provided al-
ternately in the longitudinal direction, thus large and small
vibration components discussed already are complimen-
tarily prevented from occurrence.

[0044] FIG. 20 shows the acoustic-pressure frequency
characteristics and the harmonic distortion characteris-
tics of the electricity-to-sound transducer according to
the present invention.

[0045] This figure indicates a drastic decrease in sec-
ondary and tertiary harmonic distortion at frequencies
from 500 Hz to 1 KHz for the transducer 10, which occur
for the known electricity-to-sound transducer due to vi-
bration at the center concave section of the diaphragm
as already discussed. The deformation of the voice caoll
bobbin 4 occurring at the center section in the direction
perpendicular to the longitudinal direction decreased to
0. 06 mm in this embodiment from 0. 5 mm for the known
transducer at 2V input.
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[0046] Disclosed next is another preferred embodi-
ment of an electricity-to-sound transducer 50 according
to the present invention. Elements in this embodiment
that are the same as or analogous to the elements in the
former embodiment are referenced by the same num-
bers.

[0047] As shown in FIGS. 21 and 22, a diaphragm 1
has an asymmetric shape which is flat when viewed from
the direction of vibration, with major and minor axes, hav-
ing continuous curvatures of concavity and convexity in
the direction of sound irradiation. An edge 2 is joined to
the diaphragm 1 at periphery and held by a frame 3.
[0048] A track-type voice coil bobbin 4 shown in FIG.
23 is attached to the diaphragm 1 at the rear surface of
the bobbin for example, by an adhesive, with a voice coll
5 wound around the lower edges of the bobbin outer pe-
riphery. The voice coil bobbin 4 is hanging in a magnetic
gap G of a magnetic circuit which will be described later,
for generating a driving power from voice signal currents
and fluxes.

[0049] The frame 3 is like a box that is bending at the
side-face sections toward the direction of the edge 2. The
magnetic circuit described above is mounted on the inner
bottom of the frame 3. An iron yoke 6, a magnet 7 and a
pole piece 8 constitute the magnetic circuit, which are
fixed at respective positions by a tool (not shown). In
particular, the magnet 7 and the pole piece 8 are fixed
at the positions that correspond to a main vibrating sec-
tion of the diaphragm 1.

[0050] The diaphragm 1 is described in detail. It has
an asymmetric shape which is flat when viewed from the
direction of vibration, with major and minor axes, having
continuous curvatures of concavity and convexity in the
direction of sound irradiation, as mentioned above. Por-
tions 11a, 11b, 11c, 11d, 11e and 11f are formed in con-
vexity whereas portions 12a, 12b, 12¢ and 12d in con-
cavity. These convex and the concave portions are pro-
vided alternately to form continuous curvatures. The con-
cave portions have almost the same depth D except the
center section. The diaphragm 1 is made of a polyimide
(PI) film that is heat-resistant against the voice coil 5 and
excellent in mechanical properties.

[0051] The diaphragm 1 is also provided with a slot 9
formed almost at the center in the direction perpendicular
to the longitudinal direction of the diaphragm. As shown
in FIG. 24, the slot 9 greatly protrudes to form a protrusion
in the direction of the rear surface of the diaphragm. The
protrusion has walls at both ends in the direction of the
major axis and also walls at both ends in the direction of
the minor axis. The outer size of the protrusion in the
minor axis direction is made a little bit smaller than the
inner size (in the minor axis direction) of the voice coil
bobbin 4 at almost the center in the major axis. The pro-
trusion is inserted into the bobbin 4 as disclosed later.
The convex portions 11a to 11f, the concave portions
12a to 12f and the slot 9 are formed with a Pl film as
being integral with each other

[0052] As shown in FIG. 25, the protrusion is inserted
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into the voice coil bobbin 4 when the bobbin is attached
to the rear surface of the diaphragm 1. The lower edge
of the protrusion (a lower edge 9a of the slot 9) reaches
the middle section of the bobbin 4 in the depth direction.
The both ends of the protrusion in the minor axis direction
is bonded to the inner wall of the bobbin 4 by an adhesive
16.

[0053] Such positional relationship with the voice coil
bobbin 4 is provided by as simple operation using for
instance an adhesive because the size of the slot 9 is
accurately determined by using a metal mold for precise
location of the slot.

[0054] The voice coil bobbin 4 has an asymmetric
shape which is flat when viewed from the direction of
vibration for the diaphragm 1, with major and minor axes,
portions of the bobbin being formed in straight parallel to
each other in the direction in relation to the major axis of
the diaphragm 1.

[0055] Although not shown, a band made of a kraft
paper is wound around the outer periphery of the voice
coil bobbin 4 as a reinforcing paper. This reinforcing pa-
per is one of the important parts of the diaphragm 1. Be-
cause the bobbin 4 will be deformed like shown in FIG.
18, without such a band, thus being of no use anymore.
Kraft paper should be used with care the same as dis-
cussed in the former embodiment.

[0056] A magnetic field is generated around the voice
coil 4 by magnets 7 to cause a drive current flowing the
coil 5 for generating an electromagnetic force. The main
vibrating portions 1a are vibrated by the electromagnetic
force, and thus the diaphragm 1 is vibrated. During this
vibration, however, distributed vibration is prevented
from occurrence at the center section of the diaphragm
1in the longitudinal direction. This is because both ends
of the protrusion in the minor axis is bonded to the inner
wall of the voice coil bobbin 4.

[0057] The upper surface of the diaphragm 1 is formed
such that the semi-circular cylinder portions 11a, 11b,
11c, 11d, 11e and 11f curved outwardly in the direction
of sound radiation and the semi-circular cylinder portions
12a, 12b, 12c and 12d curved inwardly are provided al-
ternately inthe longitudinal direction, thus large and small
vibration components discussed already are complimen-
tarily prevented from occurrence.

[0058] FIG. 26 shows the acoustic-pressure frequency
characteristics and the harmonic distortion characteris-
tics of the electricity-to-sound transducer 50 in this em-
bodiment according to the present invention in which the
protrusion and the voice coil bobbin 4 are bonded to each
other by the adhesive 16.

[0059] For comparison, FIG. 27 shows the acoustic-
pressure frequency characteristics and the harmonic dis-
tortion characteristics of a sample electricity-to-sound
transducer with no adhesive between the protrusion and
the voice coil 4.

[0060] FIGS. 26 and 27 indicate a drastic decrease in
secondary and tertiary harmonic distortion at frequencies
from 500 Hz to 1 KHz for the transducer 50, which occur
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for the sample electricity-to-sound transducer due to vi-
bration at the center concave section of the diaphragm
as already discussed.

[0061] The deformation of the voice coil bobbin 4 oc-
curring at the center section in the direction perpendicular
to the longitudinal direction, or an amplitude of vibration,
occurring at almost the center of the diaphragm 1, per-
pendicular to the longitudinal direction of the diaphragm
decreases to 0. 06 mm in this embodiment from 0.5 mm
for the known transducer at 2V input.

[0062] As disclosed above, the present invention pro-
vides an electricity-to-sound transducer having a dia-
phragm having an asymmetric shape which is flat when
viewed from a direction of vibration, with major and minor
axes, having continuous curvatures of concavity and con-
vexity in a direction of sound irradiation, provided with a
slot formed almost at a center of the diaphragm in a di-
rection perpendicular to a longitudinal direction of the di-
aphragm. An edge portion is formed as surrounding an
outer periphery of the diaphragm, an inner section of the
edge portion being connected to the outer periphery, the
edge portion sustaining the diaphragm so that it can vi-
brate. A voice coil bobbin has a winding portion around
which a voice coil is wound split into two portions in the
longitudinal direction of the diaphragm. The voice coil is
applied flux by a magnetic circuit for vibration. The outer
periphery of the edge portion and the magnetic circuit
are sustained by a frame.

[0063] The bobbin is attached to a rear surface of the
diaphragm while the two portions are joined to each other,
the joined portions forming areinforcing beam that reach-
es arear surface of a bottom of the slot of the diaphragm,
thus achieving acoustic reproduction with no harmonic
distortion which may otherwise occur due to vibration at
the center concavity.

[0064] Moreover, the present invention provides an
electricity-to-sound transducer having a diaphragm hav-
ing an asymmetric shape which is flat when viewed from
adirection of vibration, with major and minor axes, having
continuous curvatures of concavity and convexity in a
direction of sound irradiation, provided with a slot formed
almost at a center of the diaphragm in a direction per-
pendicular to a longitudinal direction of the diaphragm,
the slot having walls on a bottom of slot, on both ends of
the slot in a direction of the major axis and on both ends
of the slot in a direction of the minor axis, the slot pro-
truding in a direction of a rear surface of the diaphragm
to form a protrusion. An edge portion is formed as sur-
rounding an outer periphery of the diaphragm, an inner
section of the edge portion being connected to the outer
periphery, the edge portion sustaining the diaphragm so
that it can vibrate. A voice coil is wound around the voice
coil bobbin. The voice coil is applied flux by a magnetic
circuit for vibration. The outer periphery of the edge por-
tion and the magnetic circuit are sustained by a frame.
[0065] The voice coil bobbin is attached to the rear
surface of the diaphragm, an inner size of the bobbin
almost at the center in the longitudinal direction being
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larger than an outer size of the protrusion in the direction
of the minor axis, the protrusion being inserted into the
bobbin, a gap between an inner wall of the bobbin and
the protrusion being filled with an adhesive so that the
protrusion and the bobbin are bonded to each other, thus
achieving acoustic reproduction with no harmonic distor-
tion which may otherwise occur due vibration at the cent-
er concavity.

Claims
1. An electricity-to-sound transducer comprising:

a diaphragm (1) having an asymmetric shape
which is flat when viewed from a direction of vi-
bration, with major and minor axes, having con-
tinuous curvatures of concavity and convexity in
a direction of sound irradiation, provided with a
slot (9) formed essentially at a center of the di-
aphragm in a direction perpendicular to a longi-
tudinal direction of the diaphragm;

an edge portion (2) formed as surrounding an
outer periphery of the diaphragm, an inner sec-
tion of the edge portion being connected to the
outer periphery, the edge portion sustaining the
diaphragm (1) for vibration;

a voice coil bobbin (4) having a winding portion
around which a voice coil (5) is wound split into
two portions in the longitudinal direction of the
diaphragm, the bobbin being attached totherear
surface of the diaphragm while the two portions
are joined to each other, the joined portions
forming a reinforcing beam (13) that reaches the
rear surface of the bottom of the slot (9) of the
diaphragm;

a magnetic circuit (6-8) for applying flux to the
voice coil (5) for vibration; and

a frame (3) for sustaining the outer periphery of
the edge portion and the magnetic circuit.

2. The electricity-to-sound transducer according to
claim 1, wherein the winding portion of the voice coll
bobbin (4) is formed with a kraft paper, the kraft paper
and a band (15) of a kraft paper bonded to remaining
portions of the voice coil bobbin (4) except the wind-
ing portion being provided so that pulp resins of the
kraft papers are arranged as crossing each other at
90 degrees.

3. The electricity-to-sound transducer according to
claim 1, wherein the slot (9) of the diaphragm has a
depth deeper than a depth of the concavity and al-
most the same height as a height of a rising portion
of the convexity.

4. An electricity-to-sound transducer comprising:
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a diaphragm (1) having an asymmetric shape
which is flat when viewed from a direction of vi-
bration, with major and minor axes, having con-
tinuous curvatures of concavity and convexity in
a direction of sound irradiation, provided with a
slot (9) formed essentially at a center of the di-
aphragm in a direction perpendicular to a longi-
tudinal direction of the diaphragm, the slot hav-
ing walls on the bottom of the slot, on both ends
of the slot in a direction of the major axis and on
both ends of the slot in a direction of the minor
axis, the slot (9) protruding in a direction of a
rear surface of the diaphragm to form a protru-
sion (9a);

an edge portion (2) formed as surrounding an
outer periphery of the diaphragm, an inner sec-
tion of the edge portion being connected to the
outer periphery, the edge portion sustaining the
diaphragm (1) for vibration;

a voice coil bobbin (4) attached to the rear sur-
face of the diaphragm, an inner size of the bob-
bin almost at the center in the longitudinal direc-
tion being larger than an outer size of the pro-
trusion in the direction of the minor axis, the pro-
trusion being inserted into the bobbin, a gap be-
tween an inner wall of the bobbin and the pro-
trusion being filled with an adhesive so that the
protrusion and the bobbin are bonded to each
other;

a voice coil (5) wound around the voice coil bob-
bin;

a magnetic circuit (6-8) for applying flux to the
voice coil for vibration; and

a frame (3) for sustaining the outer periphery of
the edge portion and the magnetic circuit.

The electricity-to-sound transducer according to
claim 4, wherein a winding portion of the voice coil
bobbin (4) arround which the voice coil is formed with
a kraft paper, the kraft paper and a band (15) of a
kraft paper bonded to remaining portions of the voice
coil bobbin except the winding portion being provided
so that pulp resins of the kraft papers are arranged
as crossing each other at 90 degrees.

Patentanspriiche

Elektroakustischer Wandler, umfassend:

eine Membran (1) mit einer asymmetrischen
Gestalt, die flach ist, wenn sie aus einer Rich-
tung der Schwingung betrachtet wird, mit einer
Haupt- und einer Nebenachse, die kontinuierli-
che konkave und konvexe Krimmungenin einer
Richtung der Tonausstrahlung aufweist, in wel-
cher ein Schlitz (9) vorgesehen ist, der im We-
sentlichen in einer Mitte der Membran in einer
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Richtung senkrecht zu einer Langsrichtung der
Membran ausgebildet ist;

einen Randabschnitt (2), der einen Auf3enrand
der Membran umschlieRend ausgebildetist, wo-
bei eininnerer Abschnitt des Randabschnitts mit
dem Aufenrand verbunden ist, wobei der Rand-
abschnitt die Membran (1) zur Schwingung
stitzt;

einen Schwingspulenkérper (4) mit einem Win-
dungsabschnitt, um welchen herum eine
Schwingspule (5) gewickelt ist, welche in der
Langsrichtung der Membran in zwei Abschnitte
unterteilt ist, wobei der Spulenkérper an der
Ruckseite der Membran angebracht ist, wah-
rend zugleich die beiden Abschnitte miteinander
verbunden sind, wobei die verbundenen Ab-
schnitte einen Verstarkungssteg (13) bilden,
welcherdie Riickseite des Bodens des Schlitzes
(9) der Membran erreicht;

eine Magnetschaltung (6 - 8) zum Anlegen eines
Flusses an die Schwingspule (5) zur Schwin-
gung; und

einen Rahmen (3) zum Stlitzen des Auf3enrands
des Randabschnitts und der Magnetschaltung.

Elektroakustischer Wandler nach Anspruch 1, bei
welchem der Windungsabschnitt des Schwingspu-
lenkorpers (4) mit einem Kraftpapier geformt ist, wo-
bei das Kraftpapier und ein Band (15) aus einem
Kraftpapiers, die mit den tbrigen Abschnitten des
Schwingspulenkérper (4) verbunden sind, bis auf
den Windungsabschnitt, derart vorgesehen sind,
dass Zellstoffharze der Kraftpapiere derart angeord-
net sind, dass sie sich mit 90 Grad Uberkreuzen.

Elektroakustischer Wandler nach Anspruch 1, bei
welchem der Schlitz (9) der Membran eine Tiefe auf-
weist, die gréRer als die Tiefe der Konkavitét ist, so-
wie quasi die gleiche Héhe, wie die Hohe eines sich
erhebenden Abschnitts der Konvexitat.

Elektroakustischer Wandler, umfassend:

eine Membran (1) mit einer asymmetrischen
Gestalt, die flach ist, wenn sie aus einer Rich-
tung der Schwingung betrachtet wird, mit einer
Haupt- und einer Nebenachse, die kontinuierli-
che konkave und konvexe Krimmungenin einer
Richtung der Tonausstrahlung aufweist, in wel-
cher ein Schlitz (9) vorgesehen ist, der im We-
sentlichen in einer Mitte der Membran in einer
Richtung senkrecht zu einer Langsrichtung der
Membran ausgebildet ist, wobei der Schlitz
Wandungen am Boden des Schlitzes aufweist,
und zwar an beiden Enden des Schlitzes in einer
Richtung der Hauptachse und an beiden Enden
des Schlitzes in einer Richtung der Nebenach-
se, wobei der Schlitz (9) in einer Richtung einer



15 EP 1 194 003 B1 16

Ruickseite der Membran vorsteht, sodass er ei-
nen Vorsprung (9a) bildet;

einen Randabschnitt (2) der einen Aufenrand
der Membran umschlieflend ausgebildetist, wo-
bei ein innerer Abschnitt des Randabschnitts mit
dem AuBRenrand verbunden ist, wobei der Rand-
abschnitt die Membran (1) zur Schwingung
stutzt;

einen Schwingspulenkorper (4), der an der
Rickseite der Membran angebracht ist, wobei
ein Innenmal des Spulenkorpers quasi in der
Mitte der Langsrichtung gréRer als ein Aufden-
malfd des Vorsprungs in der Richtung der Nebe-
nachse ist, wobei der Vorsprung in den Spulen-
korper eingefligt ist, wobei eine Liicke zwischen
einer Innenwand des Spulenkdrpers und dem
Vorsprung mit einem Klebstoff ausgefiillt ist, so-
dass der Vorsprung und der Spulenkérper mit-
einander verbunden sind;

eine Schwingspule (5), die um den Schwings-
pulenkdrper herum gewickelt ist;

eine Magnetschaltung (6 - 8) zum Anlegen eines
Flusses an die Schwingspule (5) zur Schwin-
gung; und

einen Rahmen (3) zum Stltzen des AuRenrands
des Randabschnitts und der Magnetschaltung.

Elektroakustischer Wandler nach Anspruch 4, bei
welchem der Windungsabschnitt des Schwingspu-
lenkorpers (4), um welchen die Schwingspule ge-
wickelt ist, mit einem Kraftpapier geformt ist, wobei
das Kraftpapier und ein Band (15) aus einem Kraft-
papier, die mit den udbrigen Abschnitten des
Schwingspulenkérper verbunden sind, bis auf den
Windungsabschnitt, derart vorgesehen sind, dass
Zellstoffharze der Kraftpapiere derart angeordnet
sind, dass sie sich mit 90 Grad lberkreuzen.

Revendications

Transducteur électrostatique comprenant :

un diaphragme (1) ayant une forme asymétri-
que, qui est plat lorsqu’il est observé depuis la
direction de vibration, avec des axes majeur et
mineur, ayant des courbures de concavité et de
convexité continues dans la direction de l'irra-
diation du son, muni d’'une fente (9) formée sen-
siblement au centre du diaphragme dans une
direction perpendiculaire a la direction longitu-
dinale du diaphragme ;

une partie de bord (2) formée de maniéere a en-
tourer la périphérie externe du diaphragme, une
section interne de la partie de bord étant reliée
a la périphérie externe, la partie de bord sup-
portant le diaphragme (1) pour vibrer ;

une bobine a enroulement vocal (4) comportant
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une partie d’enroulement autour de laquelle un
enroulement vocal (5) est bobiné, séparé en
deux parties dans la direction longitudinale du
diaphragme, la bobine étant fixée a la surface
arriere du diaphragme, tandis que les deux par-
ties sont réunies 'une a l'autre, les parties réu-
nies formant une poutre de renfort (13) attei-
gnant la surface arriére du fond de la fente (9)
du diaphragme ;

un circuit magnétique (6 a 8) pour appliquer un
flux a 'enroulement vocal (5) pour vibrer ; et
un cadre (3) pour soutenir la périphérie externe
de la partie de bord et le circuit magnétique.

Transducteur électrostatique selon la revendication
1, dans lequel la partie d’enroulement de la bobine
a enroulement vocal (4) est réalisée avec un papier
kraft, le papier kraft et une bande (15) de papier kraft
reliée aux parties restantes de la bobine a enroule-
ment vocal (14) a I'exception de la partie d’enroule-
ment, étant disposés de telle sorte que les résines
de la pulpe des papiers kraft soient agencées de
maniére a se croiser mutuellement a 90 degrés.

Transducteur électrostatique selon la revendication
1, dans lequel la fente (9) du diaphragme a une plus
grande profondeur que la profondeur de la concavi-
té, et presque la méme hauteur que la hauteur d’'une
partie surélevée de la convexité.

Transducteur électrostatique comprenant :

un diaphragme (1) ayant une forme asymétri-
que, qui est plat lorsqu’il est observé depuis la
direction de vibration, avec des axes majeur et
mineur, ayant des courbures de concavité et de
convexité continues dans la direction de l'irra-
diation du son, muni d’une fente (9) formée sen-
siblement au centre du diaphragme dans une
direction perpendiculaire a la direction longitu-
dinale du diaphragme, la fente comportant des
parois au fond de la fente, sur les deux extrémi-
tés de la fente dans la direction de I'axe majeur
et sur les deux extrémités de la fente dans la
direction de I'axe mineur, la fente (9) faisant
saillie dans la direction de la surface arriére du
diaphragme, de maniére a former une protubé-
rance (9a) ;

une partie de bord (2) formée de maniéere a en-
tourer la périphérie externe du diaphragme, une
section interne de la partie de bord étant reliée
a la périphérie externe, la partie de bord sup-
portant le diaphragme (1) pour vibrer ;

une bobine a enroulement vocal (4) fixée a la
surface arriére du diaphragme, la dimension in-
térieure de la bobine presque au centre dans la
direction longitudinale étant plus grande que la
dimension extérieure de la protubérance dans



17 EP 1 194 003 B1

la direction de I'axe mineur, la protubérance
étant insérée dans la bobine, I'espace entre la
paroi interne de la bobine et la protubérance
étant rempli d’'une colle, de telle sorte que la
protubérance et la bobine soient reliées 'unea %
l'autre ;

un enroulement vocal (5) bobiné autour de la
bobine a enroulement vocal ;

un circuit magnétique (6 a 8) pour appliquer un
flux a I'enroulement vocal pour vibrer ; et 10
un cadre (3) pour soutenir la périphérie externe

de la partie de bord et le circuit magnétique.

Transducteur électrostatique selon la revendication
4, dans lequel une partie d’enroulement de la bobine 15
a enroulement vocal (4) autour de laquelle est for-
mée I'enroulement vocale est réalisée avec un pa-
pier kraft, le papier kraft et une bande (15) de papier
kraft reliée aux parties restantes de la bobine a en-
roulement vocal (14) a I'exception de la partie d’'en- 20
roulement, étant disposés de telle sorte que les ré-
sines de la pulpe des papiers kraft soient agencées
de maniére a se croiser mutuellement a 90 degrés.
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